Although it has the advantage of decreasing the loads on bridge deck when adopting thin surfacing, it is worse for the stress dispersion of vehicle loads, as a result, it is easy to generate local stress concentration of structural details of orthotropic steel deck. To study the stresses of orthotropic steel bridge decks, especially for the structural weld details, which is significant for fatigue durability evaluation. Partial models are created by finite element analyses to analyze the stresses of both normal thickness bridge pavement and thin surfacing under different load locations, and the kinds of material of pavement and the thickness of bridge deck are also considered in the calculations. It's found that stress amplitude of objective fatigue details of TPO pavement increase up to 28.4% when the models share the same structure dimension, and the thickness of TPO pavement has little impact on the stress amplitude of objective fatigue details which could be ignored, while the influence of the thickness of the TPO pavement is considerable. And the increase of the thickness of bridge deck helps decrease the stress amplitude of objective fatigue details.
Introduction
Orthotropic steel bridge has the characteristics of light weight, high bearing capacity, high speed of construction, beautiful shape and the ease of maintenance, and it has replaced traditional reinforced concrete bridge as a good choice of bridge type for long-span and medium-span bridge at home and abroad [1] . The thickness of bridge pavement of traditional reinforced concrete bridge is relatively thicker, while pavement disease like early-cracking also occurs. In recent years, some high-strength polymer materials have been used for pavements as the development of material fields and technologies, forming Thin Polymer Overlay (TPO) technology, which has drawn attentions of some scholars. Xu-xunqian [2] , Zhao-fengjun [3] , Zhao-guoyun [4] ,have studied the design theories, pavement performance, and engineering application of thin surfacing, and some useful conclusions have been drawn.
Due to welding technique has been widely used in the process of construction, the fatigue cracking easily occurs near the welding region of orthotropic steel deck under vehicle loads. Zhang-yuling [5] pointed out that the connecting welding joints of cross section deck and U-shaped longitudinal rib, U-shaped longitudinal rib and bridge deck, and the docking section of U-shaped longitudinal rib are easily subject to fatigue cracking. Zhang-gaolan [6] , Ding-gaojun [7] , Zhao-xinxin [8] have studied the structural details and design parameters of orthotropic steel deck. However, there are few researches about the effects of the change of pavement thickness and material modulus of orthotropic steel deck, especially the stress in the region of welding joints using TPO technology.
In this paper, partial orthotropic steel deck is modeled with FEM soft ABAQUS to analyze the effects of the pavement thickness and material modulus on stress amplitude of classic fatigue structural details to provide preference to the design of orthotropic steel deck system and thin surfacing.
Finite Element Model

Model Dimension and Calculation Schemes
The thickness of the diaphragm is 9mm, the spacing of the floor beams is 3200mm, the spacing of longitudinal beam is 300mm, the cross section of longitudinal rib is 300mm (top width)*280mm (height)*188mm (bottom width), and the thickness of rib wall is 9mm. and the model consists six trapezoidal ribs supported by four transverse floor beam and it is 9.87 meters long and 3.90 meters wide. To investigate the effects on stresses of partial structural details of orthotropic steel deck using thin surfacing, the thickness of surface, the modulus of pavements and thickness of the decks are all considered, what's more, commonly used cast asphalt concretes pavements are taken as control groups, and schemes and parameters of finite element calculation are showed in Table 1 . 
Parameters of FEM Model and Constructed Details
Shell elements (S4R) are used to simulate the parts of orthotropic steel bridge and solid elements (C3D8R) for pavement layers, and the mesh is refined near the regions of weld joints and wheel loads. The FEM model is shown in Figure 1 . The boundary conditions of the FEM models are shown in Figure 2 , displacements on nodes along the edges in Z-directions are constrained. The nodes at intersections between deck and cross beams are fixed in all directions as these locations are assumed to have large rigidity. [9] In the FEM analyses, the rear wheel load of typical highway vehicle of Class I vehicle load is used of which the axle load is 140kN and the contact area is 600mm×200mmm.
Take literature 5 as reference and combine with practical work, the joint regions of longitudinal rib and deck is taken as fatigue detail 1, the joint regions of longitudinal rib and cross section is taken as fatigue detail 2 and the joint regions of cross section and deck is taken as fatigue detail 3. And to decrease the computing error, the messes of the joint regions are refined, as shown in Figure 1 .
Calculation Result and Analysis
Critical load Position Analyses
To figure out the location of critical position, the orthotropic steel bridge deck of which the thickness of the deck is 16mm and the thickness of the pavement is 10mm is modeled. Three kinds of locations of lateral wheel load are as shown in Figure 3 (a) in which the wheel center is respectively right above the center line between longitudinal rib 3(denoted as 3# in the figure) and 4#, the right side of longitudinal rib 3# and above the center line of longitudinal rib 3#, and the longitudinal location of wheel load is shown in Figure 3(b) , in which the average interval of adjacent wheel load locations is 235mm. In the calculation, the location of lateral wheel load is fixed, and the longitudinal wheel load moves from Z1 to Z8. The stress curve of each objective structural detail is shown in Figure 4 . From the Figure, we know that the value of the maximum tensile stress in the region of structural detail fluctuates as the longitudinal wheel load location changes, while the value of the maximum tensile stresses of structural detail 2 and 3 presents an overall rise within a certain range. Thereby, the critical wheel load location of objective structural detail 1, 2 and 3 is H2Z2, H2Z7 and H3Z8 respectively. 
Stress Analyses of Structural Details
From the stress isograms 5 and 6, we can figure out that the main deformation of orthotropic steel bridge deck under wheel loads has the characteristic of locality, and the stress concentration occurs near the region of weld joints, especially near the region of longitudinal rib and deck and the curved region of cross section beam. The Diagram 7 shows the stress amplitude ratio with different thickness of thin surfacing of objective structural details under the critical loading position in calculation scheme 1. The stress amplitude ratio is the ratio of the stress amplitude with different thickness of thin surfacing in the region of objective structural details to the stress amplitude of thin surfacing of which the thickness is 10mm under the critical loading position. From Figure 8 we know that the stress amplitude of structural details decreases as the thickness of thin surfacing increase, however, it has different decrease range. The change of stress amplitude in the region of structural detail 1 is more obvious, of which the stress amplitude decreases 31.3% when the thickness of thin surfacing increases from 10mm to 25mm, while it reduces 3.3% and 3.8% for objective structural details 2 and 3 respectively. Therefore, the increase of thickness of thin surfacing has positive effects on improving stress performance in the region of structural details, however, the extent of it varies from region to region, and it has better effects on fatigue cracks of objective structural detail1.
The calculation results of stress amplitude ratio of each structural detail with different modulus of pavements are shown in Figure 9 using the same methods. Figure 8 shows the stress amplitude of objective structural detail 1 starts decreasing and later flattens as the increase of modulus of thin surfacing. When the modulus increases from 8000MPa to 8500MPa, the stress amplitude decreases 11.3%, and it almost remain the same. Thereby, we believe that the value of 8500MPa is a proper modulus of thin surfacing to improving stress performance of fatigue crack in the region of longitudinal rib and bridge deck. While the stress amplitudes of structural 2 and 3 are unaffected by it on the whole. The calculation results of control group are shown in Table 2 , as it shown, the maximum tensile stress in the region of objective structural detail 1 with common thickness of pavements is 27.39MPa, and the corresponding maximum tensile stress is 35.17MPa of thin surfacing when the two models share the same structural size but different pavements. And it rise from 38.58MPa to 41.54MPa for structural detail 2, it decreases 28.4% and 14.03% respectively. The maximum tensile stresses of each structural detail with different thickness of pavement are shown in Figure 9 . The results indicates that the stress amplitudes of each structural details increase as the decrease of the thickness of bridge deck, when the value of bridge deck raises from 16mm to 21mm, the maximum tensile stress decreases by 16.9%, and it decreases by 0.4% and 17.3% for structural details 2 and 3 respectively. 
Summary
The paper analyses the effects on stress amplitude of each structural detail when using thin surfacing for orthotropic bridge deck, and the difference of parameters thickness of pavements, the modulus and the thickness of bridge deck are also considered, and the following conclusions can be drawn:
(1) The main deformation of the orthotropic bridge deck under wheel loads concentrates around the regions of wheel loads, thus it has the characteristic of locality, and stress concentration occurs near the region of weld joints, especially near the region of longitudinal rib and deck and the curved region of cross section beam.
(2) The stress amplitudes of the region of longitudinal rib and bridge deck is affected greatly by the thickness and modulus of pavements, while the connecting region of longitudinal rib and cross section deck and the region of cross section deck and bridge deck are almost unaffected.
(3) The stress amplitudes of the connecting region of longitudinal rib and bridge and longitudinal and cross section plate increase as the pavement changes from common pavement to thin surfacing, and the maximum amplitude is 28.4%.
(4) The thickness of cross section plate has great effects on the stress amplitude of connecting region of longitudinal rib and bridge deck, and if the thin surfacing is used for orthotropic steel deck, it's suggested that adding the thickness of bridge deck to improve the stress performance of each structural details.
(5) Considering to decrease the stress amplitude in the region of orthotropic steel deck, bigger thickness of pavements are suggested for heavy load traffic.
